Abstract We explain how following the representation of 3D crystallographic space groups in geometric algebra it is further possible to similarly represent the 162 socalled subperiodic groups of crystallography in geometric algebra. We construct a new compact geometric algebra group representation symbol, which allows to read off the complete set of geometric algebra generators. For clarity we moreover state explicitly what generators are chosen. The group symbols are based on the representation of point groups in geometric algebra by versors (Clifford group, Lipschitz elements).
Introduction
The 3D crystallographic space groups [1] have been successfully represented [3, 2] in geometric algebra [4] . Following this an interactive 3D visualization has been created [6, 5] . But for crystallographers the subperiodic space groups [7] in 2D and 3D with only one or two degrees of freedom for translations are also of great interest. Clifford geometric algebra. Clifford's associative geometric product of two vectors simply adds the inner product to the outer product of Grassmann
This allows to write the reflection of a vector x at a hyperplane through the origin with normal a as Table 2 Geometric 3D point group symbols [2] and generators with θ a,b = π/p, θ b,c = π/q, θ a,c = π/2, p, q ∈ {1, 2, 3, 4, 6}.
Generators a a, b ab a, b, c ab, c a, bc ab, bc abc 
The composition of two reflections at hyperplanes whose normal vectors a, b subtend the angle α/2 yields a rotation around the intersection of the two hyperplanes by α x = (ab)
In general the geometric product of k normal vectors (the versor S) corresponds to the composition of reflections to all symmetry transformations [2] of 2D and 3D crystal cell point groups
Point groups. 2D point groups are generated (cf. Table 1 ) by multiplying vectors selected [2] as in Fig. 1 . For example the hexagonal point group is given by multiplying its two generating vectors a, b 
p2/c11 13 P2/c P a 22 p c 22 aT 
The rotation subgroups are denoted with bars, e.g.6. The selection of three vectors a, b, c from each crystal cell [2, 5] for generating (cf. Space groups. The smooth composition with translations is best done in the conformal model [4] of Euclidean space (in the GA of R 4,1 ). A plane can be described by the vector where p is a unit normal to the plane and d its signed scalar distance from the origin. Reflecting at two parallel planes m, m with distance t/2 we get the translation operator (by t ∈ R 3 )
Reflection at two non-parallel planes m, m yields the rotation around the m, mintersection by twice the angle subtended by m, m . Applying these techniques one can compactly tabulate geometric space group symbols and generators [2] , and consequently visualize them [5] . 
Monoclinic/rectangular where t is the shortest lattice translation vector parallel to the Figure 2 shows the generating vectors a, b of oblique and rectangular cells for 2D frieze groups. The only translation direction is a. Table 3 lists the seven frieze groups with new geometric symbols and generators.
Rod groups. Figure 3 shows the generating vectors a, b, c of triclinic, monoclinic, orthorhombic and tetragonal cells for 3D rod and layer groups. Figure 4 shows the 
Trigonal/hexagonal Layer groups. For layer groups the two translation directions are a, b. Tables 7,  8 , and 9 list the 80 3D layer groups with new geometric symbols and generators: Layer group number (col. 1), intern. layer group notation [7] (col. 2), related intern. 3D space group numbers [1] (col. 3), and notation [1] (col. 4), related geometric 3D space group notation [3] (col. 5), geometric layer group notation (col. 6), geometric algebra generators (col. 7). The layer groups are classified according to their 3D crystal system/2D Bravais system. The monoclinic/oblique(rectangular) system corresponds to the monoclinic/orthogonal(inclined) system of Fig. 3 . Figure 4 shows the hexagonally centered cell with Bravais symbols H (space group) and h (layer group).
Conclusion We have devised a new Clifford geometric algebra representation for the 162 subperiodic space groups using versors (Clifford group, Lipschitz elements).
In the future this may be extended to magnetic subperiodic space groups, the sign of the generators may achieve that. We expect that the present work forms a suitable foundation for interactive visualization software of subperiodic space groups [5] . p1 and might be visualized in the future, based on [5] . Fig. 5 How a future subperiodic space group viewer software might depict rod groups 13: p222 and 14: p2 122 , and the layer group 11: p1, based on [5] .
